UNCLASSIFIED

AD NUMBER
AD041526
CLASSIFICATION CHANGES
TO: uncl assified
FROM: confi denti al

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Di stribution authorized to DoD only;

Adm ni strative/ Qperational Use; 07 MAY 1954,
O her requests shall be referred to Rone Air
Devel opnent Center, Giffiss AFB, NY 13441-
5700. Pre-dates formal DoD distribution
statenents. Treat as DoD only.

AUTHORITY

31 May 1966, DoDD 5200.10; RADC Itr dtd 26 Sep
1969

THISPAGE ISUNCLASSIFIED




UNCLASSIFIED

T e = =]

AD

Reproducad
by the
ARMED SERVICES TECHNICAL INFORMATION AGENCY

ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

DOWNGRADED AT 3 YEAR INTERVALS:
DECLAGSIFIED AFTER 12 YEARS
DOD DIR 52C0.10

UNCLASSIFIED



_ a——

NYTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA

D FOR ANY PURPOSE OTHER THAN "N CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT CPERATION, THE U. 8. GOVERNMENT THEREBY INCURS
N RESPOLSSIBILITY, NOR ANY OBLIGATION WHAT3OEVER; AND THE FACT THAT THE
GUVERNMENT MAY HAVE FORMULATED, FURNISHED;-OR IN ANY WAY SUPPLIED THE
8AID DRAWINGS, SPECIFICATIONS, OR OFHER DATA I8 NOT TO BE REGARDED BY .
TMPLICATION OR OTHERWISE AS IN ANY MAIER LICENSING TRE HOLDER OR ANY OTHER
PERSON OR CORPGRATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE
USE OR SELL ANY PATENTED I’NVENTION THAT MAY IN ANY WAY BE RELATED THERETO.

chtrodurcd by
BB%UMENT SERVICE GENTER

.YTnn" li -




THE KAMAN AIRCRAFT CORPORATION

BLOOMFIELD, CONNECTICUT
U. S. A

REPORT NO. G-52

INTERTM ENG INEERING REPORT ON BASIC
FERFCRMANCE OF NON-POWERED, TETHERED
LIGHTER-THAN-ATR VEHICLES FOR ANTENNA
SUPPORT

CONTRACT AF 32(602)=-£75
maY 7 1994




COEFIDENRIAL

THE KAMAN AIRCRAF? CORPORATIVN
BLOOMFIELD, CONNECTICU?

REPOET ¥0. (-62

MAY 7 1954

INTERIN XNGIFEERING RNPORT ON
BASIC PERFORMANCE OF JOB-POWERED, TRTHERED
LIGHYER-THAN-AIR VEHICLES FOR AWYENEA SUFPPOR?

OCORPRACT WO.
AP 30 (502) - 675

*fhis document contains information affecting

the Jational Defense of the United 3tatos within
the meiuing of, the Rspionego Laws, Pitle 1C, U.S.C.,
Section 793 and 794. Its tranmmission or the
revelation of its contents in any x:azner o an
unauthorised pervon is prohidited by law."



CONFITENTIAL

THE KAMAN AIRCRAFT CORPORATION

WINDSOR L.LOCKS, CONN,
PREPARED 1Y PACE e .
CHECKRD BY__ REPOMT NO _.___0-62..
REVISED BY L Lot/ 4 S,
ANALYSIS OF
TAELE OF CONTENTS
Page
Paxt I
‘. W - ay - - - - - - - - - - 1
B. &m‘l rmm M‘ » - - - - - - - - - 1
1. Coxtributing M.nem - ® ® ® ® w e =w e )
2, Beferencode =« = « = o © o @ = « = « 3
3. sy'bl_’ - - P - - - o - - - - - - h
Coe Dotadlnd Pactual Data = « &« o & e e = o o e 7T
1. rmmon - - - - - - - - - - 7
2, External Forces on a (hptive Btlloon - o @ o = -7
3. Cable Raaction Forcus, Tx and Ty , of a Captive Balloon - 1l
L. Balioon $ise Determinsticn for Three-Cable !‘ct.hu'!.ng
at 25CD Foot - - - - - - - - 15
Q.Besnltmmonawhlloon- - =« =16
b. Resultunt Forces on a Stremmlined Balloon - « « 16
ce. Resultant Forces osn Typicdi l'hm-cnhlo
Conﬁgm‘ltiom - - - - - - - - - 17
5. mm&m - - - -» - - - - - L] - - 19
De Conclusions - - - - - - - - - - - - - 22
Part I
Be er - - - - - - - - - - - - - - - 2’

CORYYDERTIAL

ENGIMEERING GENERAL REPORT

FORM ~O K 83 SM @ 3¢



CONFIDRNTIAL
THE KAMAN AIRCRAFT CORPORATION

WINDSOR 1L.OCKS, CONN.
PREPANED &Y Py SHINTITURY: "
&'
CHECKED BY reront no _B=62
REVISEO BY oDl

ANALYSIS OF

A. PIBPOSY

Yor certain operations undertalksn by the ULAF, it appsars desirable to
be abls to erect a lov frequency vertical antemna rising to alt{tudes
boyond that where conventionmal, ground-supported tower siructures are
feasidble. In addition, the antenna should de portadble, simple to erect

in the field, and perhaps expendable.

¥he answver to the specifications noted may be a lighter-than-sair wehicle
supporting a cable or system cf cadlss {0 serve at onsc as antennas and
toethering lines. The ultimatu confignration would result from atudy of
the characteristics of two principal componsnte, the cables or antennae
and the supporting vshicle, considering those mrial;lo- vhish wiil have a
eignificant effect on satisfaciory performance in the light ¢f the

requirerpents.

B. GENZRAL PACTUAL DATA
1. Contritmting Technicians
¥illisa E. Blackbarn - Aerodynamicisi, Bachelor of Asronautical
Ingineering - Bensselasr Pulytechnic Inctitute - Thrae years of experience

at Keman Aircraft Corporation.
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Bdith J. Polleys - Aerodynamicist - Bachelor of Arts, New York
University — Seven ysars experience at Cmance Vougint Aircraft; Three years
experience at Kaman Aircreft Corporation; Formal Engineering Training,
eight months at Chance Vought Aircraft.

Lorraine A. Stisitis - Cosputer, One ysar experience at Piatt &

'n.

uitnay Adzcraft as b111ing meohine operator; Six months computer experisnce

at Xamarn Aircraft Corporation on desk-type calculator.
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3. JSrmbols
c =
N Cp = " Vz 3 » drag coeffigient
oL = = 11ft coefficient
¢ v3/3 ' .
I = aerodynamic force in the direction of the relative wind, prunds

Ty = resultant buoyant force of gas, pounds

I‘ = ratio of balloon suiface area to the squaye of the diameter
for spherical balloons

Xs = ratlo of balloon seam length to the dismeter for spherical
bdalloons

xv = ratio of balloon: voiume® t0 tha cude of the dismeter for
spherical balloons

L = aerodynanic force in a diroction perpendicular to the relative
wind, povnds

S = characteristic area, square feet

S = gsurface area, squars feet

rx = balloon reaction in a horisontal direction, pounds (usually
net horisontal component of cable tension)
Ty = balloon reéaction in & hsrizontal direction, pounds (usually

net vertical component of cabls tenvion)

144 » wind velocity in the fres stroam, feet/second
v = ‘balloon volume, cubic feet
v = balloon deadweight, or the ail-up weight exolnding the weight

of the gas, pouads
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)] =  total weight of ballcon envelope, pounds

vp = weight of payload (imsiruments, etc.), pounds

g =  total weight of balloon reinforcing tapes, pounds
a =  Dalloon diameter, feet

aAh =  yertical displacement of bdalloon from equilibrium

1 = Dballoon length, foet
1. =  Dballoon seam length, feet
q = dynamic pressure of air, pounds/square foot

DS ® horisontal displacement of btalloon from equilidrium
. = unit weight of talloon envelops fabric, pounds/square food

Wy = unit weight of roinforsing %apes, pounds/foot of lergth/inch

of width

(¥ /L) = ratio of distance from nose to total length for & streamlined
balloon

) 2 = ratio of radius at any point %0 maximra diametsr for a

streaxlined bailoon
X = angle of atiack of a streamlincd ballcon, dsgrees
d( o = unit lifting force of gas at stuandard conditions at cea level,
pounda/cubic feot
'? =  factor to allow for total weight of streamlined balloon over
the bhesic snvelope weight

o = half-cone angle for spherical bdelloon, degrees
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e]avation angle of top of cable measured from lower

tether point
square root of the ratio of mecs density of air at altitude teo

mass density at sea level
T = ratio of the length of a Yalloor to maximum diameter
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C. DNATAED FASUAL DATA
1. Ingroduction
It 1s the object of this repor: to present, in as general form as
poasible, the sanalysis of the forces on tethared, lighter-than-air
vehicles with no powsr consuming thrust dsvices and to investigate the
capabilities of such vehicles as supporting devices for a 2,500-foo% high

antenna system subject %0 conditiocns described in Czse b, reference (1).

In order to establish the feasibility of non-powered lighter-than-air
vehicles as antenna supports, it is simplest to examine the cbuacteristico
of such vehicles considered as captive balloons. Immediately, it bdecomes
apperent that the total 1ifting forces and the drag forces are of primary
imporiance. If 1t can be established that such a vehicle which will
support a given cable configuration is of reasonadle sise so0 that handling
and maintenance prodlems ar® not prohibitive, then otlx - dalloon character-
irsics may bYe considerod. Therefore, the emphasis in this study is on
the external forces wvhich act upon a captive balloon flying uunder a given

set cf conditions.

2. Jxterpal Yorces on a Capiive Ballcon
Pigure 1 rhows & captive lighter-than-air vehicle in a steady
wind dlowing parallel to the ground. The balloon is assumed to he
directionally stabls so that the resultant forces and mon nts acting are

coplanar. Inm s&ddition, 1t is assumed that the system can be designed

ENGINEERING GENERAL REPORT S e iR L
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such that moment equilibrium may be obtained.

4 L

[\ l-'B

T POSITIVE DIRECYIONS
Figure 1
The resultant forces, aerodynamic 1ift and drag, the buoyant force, and
the deadweight are shown acting through a common point. This is not the
case in genersl, tat, in studying only the nature of the forces, their
distritution is of no concarn.
(a) Spherical Balloon
Considering first a spherical dballoon, it is immediately apparent
that the asrodynamic 1ift is exemptsd from examination since it mey de

taken as zero. Only small 1ift wariation, which nay be neglected, 1a

ENGINEERING GENERAL REKPORT
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generated when the balloon departs from the exact spherical fore. The
aerodynemic dreg of a sphere has bdeen studied throughout a broad range

of Reynolds mumbers, and may be expresaed anziytically as

*» = asop (1)

wvhere the drag coefficisnt, Op, may be obteined from any suitabdle source
such as reference 2 (see Tigure 112) at the proper Reynolds mamber. If 8
is interpreted as the maximum crosc-sectionsl area, squation (1) 1s
written in wras of the diameter
p = 17 a2 Cp
L

.

(2)

In reference 3 a convenient method for determination of the volume of a full

balloon of the shape shown in Figure 2 is presented.

/""\\
27

-9

Pigure 2

ENGINEERING GENERAL REPORT FORM NO X 88 $1).84.81
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The volume is given in reference 3 as
Y = ry & : 3)

wvhere Ey is plotted in Figure A-30111-A, shown in this report as Figure 5,
as a function of the cone angle 2 0. The buoyant force of the dalloom
ie easily odtainsd at any desired altituds by wultiplying the volume of

the belloon by the unit 1ifting force of the particular gss nused. Thus
B = T g & ()

Reference 3 aleo provides a basis for estimation of the weight of the
envelope, tapes, barness and other structural components for a givea
diameter belloon for variocus grades of fabric. The otal surface area
and sean length for the shape shown in Figure 2 is easily established in

" terms of the diameter for & given cone angie,

s, =  ¢&° | (5)
1, = K54 (6)

Yhere IA and Is are obtained from figures A-30112-A and A-30113-A rcapectively

of reference 3, shown in this report as Figures € and 7 respectively,

ENGINEEIRING GENERAL REPOAT FOAM NO. K 88 BM.0.9°
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The weights of the envelope and seamgare then

'l * x‘ dz w. (7)

'. LJ ‘s d w' {8)

The weight of the suspen:i~n her=ess for tethering and payload suspension
is not rigorously established, but an egtimate which increases the
enveiope and tape weight by two percent is sufficienily accurate from

study of data presented in reference 3 on typical high altitude balloons.

The payload is a waight item controlled by specification and, hence, the

deadweight of a lighter-than-air spherical balloon may bde expressed as
Vo= (g 4+ W)1.02 + W
Vo= 1025 & v, +xgdW) + W (9)

(t) Streamlined Balloon
Wien analyzing & sireamlined dalloon, it is necessary to
include the aerodymamic 1ift contribution to the vertical force along
with buoyant torce. Bocause of the infinite variety of forms which might
be considersd for use as a streamlined ballocn, it becomes more convenient

to think ir terwus of the volume rather than the diameter as in the case

fOfm ~O K 23 SM @9
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of the Spherical Balloon. Accordingly, lift and drag are written

L = q Vz/:’ G, (10)

D = qv2/3 g 11)

where the 1ift and drag coefficients are obtained from any suitable source

such as reference &.

The bouoyant force is simply the product of ihe volume and the unit lifting

force of the gas, thus
r, =vod (12)

A proper estimation of the deadweight of the streamlined balloon 1sa
compliceted considerably by the iufinite variety of shapes that might de
used and by the fact thet allowance must be made for the weight of stabilising |
fins of variuble size used in streamlined shapes. Fortunately, the
envelope weight is amall compared to other forces and relativsly large
errors hsre do not significantly affect the final results. However, as
a2 basis for estimation, expressions found in reference 5 may be utilised.
Bquations (71) and (72) in reference 5 define tt;e shape of a standard
streamline foirm where equation(?l) defines the shape for the front part

of the balloon and equation(72)the rear part of ihe body:

ENGINEERING GENERAL REPORT FOAM NO X 88 3Mm §.0t
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®/L)2 + 0.16 y° = 0.16 (- .40 £ *ly = 0) Q13)

/L)% + 0.0679 y2 + 0.2921 y = 0.3600 (0< Z/L<.60)  (14)

where the origin for x is located 40§ aft of the nose. Rotating the carves
‘about the &£ -~ axis results in a s0lid of revolution. 4 simple integration

gives the volume in terme of the diameter and fineness ratio, 1/4, as
Yy = anvT 7w & (15)

Prom refersnce §, equation (73), the wetted area is given as

S = 255 An o+ 121 (16)

Substituting for 1 in ierms of the fineness ratic and 4 as dfined by equation

(15), equatior (16) becomes
s. = 3.8 v23 13 (17)

fhe weigzht of the basic envelope 18 then simply the product of the wetted area

and the unit weight of fabdric.

In sddition.to the basic envel 'ne, other items to be conzidered
are reinforcing tapes, suspension ropes, any valving arrangements, and, most

important, ths stsbilising fins. The erea, hence the weight. of the atabilisers

ENGINEERING GENERAL REPORT FOAM NO K 38 8M ¢ 81
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is largely a matter of stability requirements, ut because an approximation
of the balloon weight to ten percent accuracy is needed for the purpose

of this zeport, it seems justified to examine some wodel configurations to
determine the surface area of fins for ty)'ical configurations. Thiec modsl
study permits determinaiion of a factor, V( » b7 which the basic envelope
weight may be muliiplied to account for the weight of fins, ropes, etc.

The deadweight of the streamlined balloon may then be written

v o= 3877 V3 T Wy v (28)

3. m. le Reactjon Yorces, Px and %y, of a Captive Balloon

The forececomponents, !x and !,. represent the forces which sust b
supplied by the tethering cable tn maintain force equilidriuvm along the
vertical and horisontal directions for either the streamlined or spherical

configuration.

The equilidrium of forces in the vertical and horisontal direotions

is writtsn as  (s0e Figure 1)

Erx = D~-% = O (19)
Zr, = L+ T -V -2 = 0 (20)
ENGINEERIMG GENSRAL REPORT FOAN NO X @D TM.6.3Y
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whare positive forces are taken in the direction indicated by arrows in
Figore 1, page 8.

Yor tbe spherical bdalloon, making proper subdbstitutions for 1ift, drag,
Woyant force, and deadweight, equations (19) and (20) become

7 a2 :
x = —L—%—& (21)

By = Gdo Iy - 1.02 @Xa° +argkgd) - p  (22)

Similerly, for the strsamlined balloon

% = avilg (21)

!Y = qu/BcL + '0’ JO - 3.8“?'2/32’ 1/3&‘ - 'P (za)

4, Jalloon §ise Determination of Zhree Cable Tethering at 2500 faet
A typical cailculation is performed at this point to illustrate the
mothod used to detormine e bdalloon sise for either a spherical or a strean-
1lin9d captive balloon, wlium-filled, in s 50 knot wind,
Given:
U = 50 Knots
'P i 0
Tde =  .061 1b/£%3 for belium st sea level
From i:s Tadlo of Weights, reference 3
Wwie = 0144 1b/ft2  (Bypical)

wy * .0027 1b/£4/1in (Typical)

ENGINESRING GENERAL REPORT conznm-i- FOARM ~NO. X @8 BM.@8.81
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(2) JNewultant Porces on a Sphorjoal Balloop
Aswame 0 = 60°

From refsrence 3

Iy L 626@
K = 3.157%
Ig = 1.5976

The Reynolds mmber is sufficiently high throughout an apprecizbdla
dismeter range s0 that, from referemce 2, Figure 1il2,
¢p = o021 .,

= 1.442
ty = Tdoyd? - 1.02 (v xua? +erXx,d) - Wp
= {.52628) (.061)&3 - 1.02 [ (.01m4) (3.1579)42
+ (.0027) (1.5976)d]
= 03223 - .ou6a% - .ooua
The curve of vertical versus horisontal force is plotssd in figure 4 for
several diameters with no paylead,
(b) Resultant Yorces on a Streamiined Bailoomn
Assume the barness is designed to operate the balloon at the sngle
of atteck for maximum u/D. From reference 4
Cx = 0,114
Ca = 0.340

ENGINEIRING GENERAL RIPORT GO IDENTIAL FOAM NO. K 48 SM-€.81
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at 15.1° angie of attack.

Also from reference 4

- A o A222_
T a 352.2 3.6

Tasn
Yy - qcnyzl':i

. (8.5) (.114) v2/3
- v

T, = aov?3 +Thy - 3.8 3T ey L wp

= (8.5)(.350)v%3 &+ L0607 - (3.84) (2.533) (2) (.oruuw?/ .y,
= 27273 4+ o6y
vhere the envelope wouight is assumed to be doubled by the addition of
fins, etc., that 18 /7 = 2.0,

-

The curve of vertical versus horizontal force is plotted in FPigure 4 for

streamlined dailoons of various volumetric capacities.

(c) Resultant Jorces on a Typica) Cable Gonfiguratiom
The remaining curves appearing ia Pigure 4 represent the variation

in cable tension componeants for typical three-cable configurations at various
displacements from the origin which is lecated at the equilibrium position
iz space assumed Ly the dballoon in xero wind., The points: on thess curves have

been calculated using methods deacribed in reference 6. The cable disposition

ENGINESRING GENERAL RUPORY FORM NO. K 88 3M.6.51
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is shown belew in Pigure 3

Pigore 3

Data applying to each of three steel cadles is iiated delow:
Initial cable sag, (—;—)- .05

Cable dianeter = 221 4n.
Unit weight = 0833 1b/fe
¥Wind velocity, U = 50 knots

It is apparent, for a given cable configuration, that the balloon which will
support it is dstermined by the interusction of the cadle load curves wish thw

balloon load curve, such as points A, B8, C.

ENGINEERING GENERAL REPORT PORM NO. X “ LU & ]
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5. DRiscussicp

It should be noted that the mumerical results presented in thise
raport represent typical configurations and should not be considered necessarily
to repressnt the optimum without further study. However, as far as ths
vehicles are concerned, the parameters which are not specified but are
subject, within limits, to design choice, are selected as being nearly
representative of actusl counditions. Therefore, it appears that ns
significant performance chenges shonld be expected in the detall design of

either a spberical or streamlined balloon.

The catle system, which mmuat ampply the reactions to vekicle loads,
may be subject to a wider variation in the loads it produces dspending upen
the function of the cable, its orientation with respect to the wind, its
initial sag, and its phyeical characteristics. It seems probable that a
ssaller, lighter cable than that chosen for illustration would lsck
sufficient ®nsile strength vith a proper margia of safety, particularly for

the gust condition of 87 kmots.

Thus, as is made apparent in Pigure 4, because of its extremely
low ratio of total 1ift to drag forces in a 50 Xmot wind, a spherical
balloon is unsniteble As An antenna suvport undsr conditions specified under
Case B of reference (1). More genurally, the superiority of the streamlined

dalloon cver a spherical balloon for antenna-support purposes is so clearly
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. irdicated thet -ph.ricul balloons do no warrant further ccusideration under

any coniitions.

In the case of a single cabdle configuration, Table III (4) shows
that neither a spherical nor a streamlinsd bdalloon may be used as an antenna
| support under conditions describad under Case B reference (1) decause a
single cable must be carried excessively far downwind before the tension has
an upvind component vhich is, of course, required dby a support vehicle with

no external power source.

A streamlined balloon, because of its greatly rednced drag and its
asrodynamic 1ift, appears satiefactory as an antsnna support vshicle at least
for a three=-cable system. Yor a typical set of cable loads, Line A of figure 4,
oquilidriuvm of a streamlined balloon, the volumé of which may be easily computed
using equation (21a), is estadblished when the balloon has moved approximately
35 feot downstiream from the origin. The volume of the balloon is 35000 foet3.
which, for the chosen . igth~diameter ratic of 3.6, is 98 feet long and has

8 maximum dismeter of 27 feet. The question may arise , after ltncl"' of

Pigere 4, as to the rsasor for the choice of a balloon of this siss when it
eppears that a4 smaller volume of 21,500 feet3 could be utilized by alloving a
drop of 50 feet in altitude so that the intersection of tha cadbie curve, Line C,
with the streamlined balloor curve occura at point C. It is readily seen,
howaver that the direction of the wind hae a significant effect on the cable
loeds. This becomes app. reat from comparison of Line A and Line A, (Figure 4)

vhare only the wind direction is changed frcm one case 30 ancther. For Lins A
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where the wind is blowing along ons cable with the other two sy=metrically
displaced downwind (See Pigure 3, wind direction A) tias resulting loa&- on
e balloon are lower than for the case Line A, where the wind is ihifted 180°.
Making & conservative allcowance for this fact coupled with a 50 £t drop in
altitude leads to the choice of a 35,000 £t3 streamlined balloon to limit

horisontal displacement in a fifty knot wind to less than 200 feet.

It should be emphasired bsre that the specific task the bdalloon
1s required to perform determinss its sise and no general staiement which is
perfectly valid for all cable systems should b mads, aside from the obvions
fact that a stresmlined balloon is superior in every case to & srherical
shape. It 1s clear, however, that when cable loads are completely established,
no difficulty is to be expected in selecting a satisfactory ballcon for s

supporting vehicle.

b
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D. CONCIUSIOES

(1) A satisfactory meihod is established to determine the asrodymsmic
characteristics of lighter-than-air non-powvered captive balloons of bosh
spherical and streamlined shsipe.

&

(2) The ratio of vertical to horisontal forces does not significantly
change for a balloon of £iven volume under given wind conditions for saall

changes in detail design parameters.

(3) Spherical ballcons may be eliminated from consideration as airbornme

antenna support vehicles under conditions of Case B, reference (1).

(4) TYor a single cable configuration, it appears that neither a
streamlined nor a spherical bdalloon would be a satisfactory support under

conditions listed under Case B, reference (l).

{5) A streamlined balloon, having a volume of 35,000 £43, a length of
98 feet, and a diameter of 27 feet wculd be a satisfactory antenna support

vahicle under conéitions listed under Case B, reference (1),
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0 0 0 )
10 526 27 140
20 b0 238 560
30 14210 823 1260
4 36800 1974 2240
&7 54640 3221 3093
SABLE 11
y’ ES ON A INED A 50
vo:gan 1 vmxmcfx.—mc: EORIZOFHAL mcx_
0 0 0
10000 1323 150
30000 Lis56 957
60000 ey 1487 |
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Turee steel cadles at 120° to each other

Onp = 60° (each cadle)

¥ind direction A (Ses figure 3 Page 18 )
Cable disaster = ,221 inchos

Cabie weight = .0833 1v/ft

VETICAL HORIZOWTAL VERTICAL HORIZONPAL
DISPLACRMENT DISPLACINEW? " JORCE TORCE
ay =R &y =Tt > b
0 0 3083 - 556
30 3994 264
32 4316 W6
36 5757 1332
-25 0 227 - 595
30 2233 - b2l
60 2657 - 73
75 3780 686
-50 o 1701 - 6ol
100 2319 -2
110 2728 26
118 3704 903 ‘
119.5 1 wé3 | 12m
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Three steel cables at 120° to each other
Qp = 60° oeach cable
Vind direction "B® (See Figure 3, Page 18)

LE REACTICRS 4 90 ¥

Threo steel cables at 1202 to each other
s = 75 each cable
¥Vind direction A (See figure 3, Pagelf ) Vertical displacement,d

Yertical displacement, A’ = 0
Cabdle dlameter = ,22]1 inches
Cable weight = ,0833 1v/f¢
HORIZOWEAL
PISPLACEEN? VERTICAY: JORCR HORIZONTAL YORCE
Ax-T 2y - Ld g - L
— e
0 30i0 - 318
30 3875 1hé
60 5351 .680
64 5970 900
66 ohiy? 1061
ZARLE III (c) :

(v}

Cable diemeter = ,.221 inches Cabvle weight = .0833 1b/ft
EORIZOWEAL
DISPLACRMEN?T VERTICAL FORCE HORIZOWPAL YORCE
x =M Ty - Ld Px - Lb

0 3412 -653

58 o5 7%

50 4364 ~-198

60 5906 288
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AMALYSIS OF
ZARLE IXI (4)
Single s3%esl cabdle Length = 2500 F¢
o, = 90° Cable weight = .25 1b/rt
Cadle diameter = ,.383 inches
YERTICAL HORIZONTAL
DISPLACIMENT DISFLACIMNENT VERTICAL JORCE |HORIZONPAL YORCE
&h - T¢ Ly -7t Q,-Lb 2, -Id
51 500 2408 - 3
100 768 o) 200
209 1000 2427 =521
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